Introduction
============

The World Health Organization defined health as a multidimensional construct: "a state of complete physical, psychological, and social well-being and not merely the absence of disease or infirmity",[@b1-cia-10-461] subsequently describing it in more dynamic terms as "a resource for living" rather than a "state".[@b2-cia-10-461] This interpretation has led to the development of instruments such as the Health-Related Quality of Life (HRQoL) measure, which refers to the impact of health on individuals' ability to function and their perceived well-being in physical, mental, and social domains.[@b2-cia-10-461] HRQoL is part of a larger concept designated "general well-being" which, according to some authors, is synonymous with "quality of life".[@b2-cia-10-461] In dentistry, major efforts have been made to develop instruments for the measurement of Oral HRQoL (OHRQoL),[@b3-cia-10-461] considering the effect of oral health on different aspects of life, including self-esteem, social interaction, and school or work performance, among others. It has been demonstrated that oral health is associated with HRQoL,[@b3-cia-10-461] finding interrelationships among traditional clinical variables (eg, diagnosis), clinical examination data, and person-centered self-reported health experiences.[@b4-cia-10-461] Hence, based on the premise that HRQoL affects one's general well-being and that oral health is an integral component of general health, it can be affirmed that oral health is, in part, responsible for the general state of well-being. This is especially important in the elderly. The aim of the present nonsystematic review was to present published data regarding the oral health status of the elderly and its main repercussions, including its impact on general health and nutrition.

Methods
=======

A comprehensive literature search was conducted, mainly using PubMed and Embase, which was limited to publications written in English over the past 14 years (2000--2014). The following search terms were used: "elderly, aged, or older"; "oral health or oral condition"; "oral health related quality of life"; "health related quality of life"; and "malnutrition". We also searched the Webpages of government health departments, international health organizations, consensus reports, and general position statements from scientific societies. These search strategies yielded more than 300 hits. An initial screening process resulted in the exclusion of duplicate articles, conference abstracts, and expert opinions. A final selection of 81 articles was made, including observational and longitudinal studies, systematic reviews, and clinical trials.

Health- and Oral Health-Related Quality of Life
===============================================

The relationship between oral health status and general health can be explored from different perspectives, mainly from a subjective viewpoint. Measurement of the HRQoL and OHRQoL, which indicate an individual's level of well-being,[@b4-cia-10-461] is useful to analyze the possible consequences of oral disorders.

HRQoL is a subjective measure of a patient's health in the present and recent past. It has been added to mortality and morbidity as a valid outcome measure, and it has become an important consideration in medical decision making.[@b5-cia-10-461] HRQoL -- ie, the self-perception of general health status -- is influenced by oral health, and this is especially relevant in the elderly.[@b6-cia-10-461] Oral problems that frequently affect older populations, such as missing teeth,[@b7-cia-10-461] dry mouth,[@b8-cia-10-461] and mastication limitations, were found to be correlated with worse quality of life after controlling for other influences such as general health, income, and marital status.[@b9-cia-10-461] OHRQoL is also influenced by other factors, including socioeconomic status, the regularity of dental visits, treatment-seeking behavior, difficulties in normal daily life activities, and severity of systemic disease.[@b4-cia-10-461] In general, there is some evidence that poor oral health status in the elderly impairs their self-esteem and social interactions[@b10-cia-10-461] which, in turn, have a negative effect on their health status and well-being. Indeed, it has been reported that OHRQoL has a positive influence on happiness after controlling for demographic and socioeconomic factors.[@b11-cia-10-461]

Hence, OHRQoL focuses on how oral health affects patients' quality of life, taking into account their self-perception of oral health. OHRQoL is utilized in health service research to examine trends in oral health and to estimate population-based needs, and it also has important implications for dental research and the clinical practice of dentistry.[@b4-cia-10-461] Thus, it can be used as a measure of treatment effectiveness, comparing scores before and after interventions (eg, the placement of removable, fixed, or implant-supported prostheses).[@b12-cia-10-461]

OHRQoL can play a key role in clinical decision making as a complement to clinical examination results, especially in the elderly, whose clinical oral health is closely related to subjective and psychosocial aspects. However, an improvement in OHRQoL does not always imply an improvement in HRQoL and well-being,[@b13-cia-10-461] and dental interventions in the elderly can be difficult and unpredictable. Therefore, account should be taken of the possible consequences of aggressive and complex dental treatments in this age group. The case for measuring "oral health" in terms of quality of life is strong, given that a positive clinical evaluation of the mouth is no guarantee of good oral health status.

At any rate, the results obtained with this type of instrument should be interpreted with caution, especially when applied in the clinical setting.[@b14-cia-10-461] In the case of both OHRQoL and HRQoL, it is crucial to know whether account is taken of changes in expectations, adaptation, and normalization, and to determine what constitutes an important modification in quality of life, and to whom it is important.[@b15-cia-10-461] These issues are being addressed in general medicine and must also be resolved in the field of dentistry.

State of oral health in the elderly
===================================

The epidemiological literature on oral health in the elderly is not very encouraging, and it indicates profound imbalances among countries and regions and as a function of institutionalization.[@b16-cia-10-461],[@b17-cia-10-461] This disparity is mainly attributable to differences in socioeconomic conditions and in the availability of and access to oral health services. Most epidemiological questionnaires in this context focus on the 65--74-year age group, and few studies have analyzed individuals over the age of 74 years when oral health falls to worrisome levels of satisfaction.[@b17-cia-10-461]

Dental caries
-------------

Caries remains a major oral health problem among the elderly for various reasons: the increase in treatment and maintenance of teeth rather than their extraction; age-related salivary changes; a poor diet; exposure of the root surface by gingival recession; and a greater likelihood of drug treatment with xerostomia as a side effect.[@b18-cia-10-461],[@b19-cia-10-461] In a study conducted in England,[@b19-cia-10-461] the prevalence of caries in tooth crowns among the dentate elderly was 22%, with 20% of 75--84-year-olds showing active root decay. In general, there is high prevalence of tooth loss due to caries, reflecting the fact that the treatment offered to date has largely been extraction of the affected tooth. The current routine restoration procedure is to remove the least possible amount of decayed tooth and to focus on remineralizing the affected tooth with fluoride, with the aim of improving the quality of life of patients by maintaining their natural teeth and avoiding the need for removable or fixed prostheses.[@b20-cia-10-461]

Periodontal disease
-------------------

Epidemiological data on periodontal disease (a chronic infectious disease that affects tooth support tissues, including gingiva and alveolar bone) has shown that the most frequent findings among the elderly are the accumulation of bacterial plaque with consequent gingivitis and mild or moderate alveolar bone loss (1.8% had no signs of periodontal disease and 3.3% showed severe periodontal lesions).[@b21-cia-10-461] According to a recent systemic review of studies from 37 countries,[@b22-cia-10-461] although the incidence of severe periodontitis (greater likelihood of tooth loss) was higher with increasing age, it was low and fairly constant among the elderly.

Edentulism
----------

When not treated, the final stage of caries and periodontal disease is tooth loss and eventually edentulism, which is highly frequent but represents a failure of the dental care system. Edentulism is directly related to mastication and nutritional problems. Some authors proposed that it may be a good mortality predictor,[@b23-cia-10-461],[@b24-cia-10-461] and others associated it with a substantive quality of life impairment.[@b25-cia-10-461] Epidemiological data on geriatric populations evidence wide variations in the degree of edentulism among countries, attributable to differences in the utilization of dental services, the provision of public financial support, and/or the implementation of oral health policies.

Complete edentulism has been reported in 21.9% of over-74-year-olds in the United States[@b26-cia-10-461] and in 39.6% of over-74-year-olds in New Zealand,[@b27-cia-10-461] while in Sweden, the prevalence of edentate patients in this age group decreased from 16% in 1990 to 7% in 2000.[@b28-cia-10-461] Most studies in both developed and developing countries reported a peak in the incidence of severe tooth loss at around 65 years.[@b29-cia-10-461]

Concerned public health authorities in different countries have established various oral health objectives. In Japan, a public health campaign called "Healthy Japan 21" promoted action to keep 20 or more teeth by the age of 80 years. It fostered collaboration between local health authorities and dental associations to encourage positive oral care for the frail elderly, including the provision of domiciliary dental services.[@b30-cia-10-461]

The problem of edentulism is accentuated when mastication function is not reestablished with dental prostheses. Various studies have determined that a minimum of 20 functional teeth are necessary to guarantee good mastication, although only if they are antagonist pairs.[@b30-cia-10-461],[@b31-cia-10-461] The most prevalent conditions among individuals with prostheses are stomatitis and traumatic ulcer, which can be exacerbated by poor nutrition and unhealthy lifestyles, including poor oral hygiene, excessive alcohol consumption, and tobacco use.[@b16-cia-10-461] The care, hygiene, and routine dental control of prostheses are essential to avoid oral health-related impediments to well-being.

Dry mouth in the elderly
------------------------

The greater life expectancy of populations has also increased the importance of dry mouth as a health issue.[@b16-cia-10-461] A high prevalence of xerostomia and salivary gland hypofunction has been found in vulnerable elderly people.[@b32-cia-10-461] Etiologic factors include polymedication (especially with antihypertensives, antidepressants, and antipsychotics),[@b33-cia-10-461] poor general health, female sex, and older age.[@b32-cia-10-461],[@b34-cia-10-461] There have been numerous studies on the impact of dry mouth syndrome on the oral and general quality of life of the elderly because it is one of the problems most frequently reported, and treatment success rates are low.[@b35-cia-10-461] Various approaches have been studied, including products specifically indicated for dry mouth, such as artificial saliva and saliva-stimulating drugs (pilocarpine), but the outcomes have not been encouraging.[@b36-cia-10-461] Palliative measures include: rectification of the underlying cause of xerostomia (drugs, diabetes, etc); the avoidance of dry hot environments, dry foods, drugs, alcohol, and smoking, among other situations/activities that may increase dryness; and regular moistening of the mouth with small sips of water, lip balm, or olive oil, among others.[@b36-cia-10-461],[@b37-cia-10-461] Individuals with dry mouth require preventive measures against the consequences of the absence of saliva, including caries, periodontal disease, and candidiasis.[@b37-cia-10-461]

Oral cancer
-----------

Oral cancer represents a major threat to the health of adults and the elderly in both high- and low-income countries. It includes lip, oral cavity, and pharyngeal cancer, and is the eighth most common cancer worldwide.[@b38-cia-10-461] Incidence and mortality rates are higher in men than in women. The prevalence increases with older age, and oral cancer is of particular concern among over-65-year-olds. Variations among countries are attributable to differences in risk profiles and to the availability of and accessibility to health services, among others.[@b38-cia-10-461] We highlight its prevalence in south--central Asia and its continuing increase in developed countries.[@b39-cia-10-461]

Oral cancer is frequently treated with surgery, radiotherapy, and/or chemotherapy, and advances have led to a reduction in the mortality rate and to an increased number of survivors. The cancer and its treatment can both be responsible for major anatomical changes in the oral cavity and the alteration of basic functions, including speaking, chewing, and/or swallowing, substantially impairing the quality of life of survivors.[@b40-cia-10-461] A multidisciplinary approach is essential for reducing the impact on patients, with an important role for dentists. Dental care before, during, and after treatment can help to maintain or improve the quality of life of oral cancer patients.[@b41-cia-10-461] However, the short time period between diagnosis and treatment, and the lack of training in this field by dental professionals, are among the barriers to be overcome in the implementation of this proactive approach.[@b42-cia-10-461]

Despite the aforementioned poor oral health conditions of the elderly, this is often not matched by their self-perception of oral health. Hence, it is vital to go beyond clinical aspects in planning the dental treatment of this age group.

Oral health and general health in the elderly
=============================================

During the past 2 decades, various epidemiological studies have evaluated the association between oral infections (especially periodontitis) and systemic diseases.[@b43-cia-10-461],[@b44-cia-10-461] Although the data have not been conclusive, there is some scientific evidence to support the proposition that local periodontal infection may be an independent risk factor for certain diseases, including diabetes, cardiovascular disease, dementia, pulmonary infections, some types of cancer, kidney disease, erectile dysfunction, and preterm low-weight birth.[@b45-cia-10-461] Given the elevated prevalence of some of these conditions among the elderly, greater understanding is required of the interaction between oral disease and systemic chronic diseases to prevent their onset or worsening.[@b46-cia-10-461]

Periodontal inflammation begins with the action of periodontopathogenic bacteria on the gingival sulcus, clinically developing from a simple reversible gingivitis to alveolar bone destruction, with consequent tooth mobility and loss or extraction.[@b44-cia-10-461] The local response of the host to these pathogens results in the formation of an intense inflammatory infiltrate.[@b47-cia-10-461] In the most aggressive cases, this inflammatory process culminates with ulceration of the periodontal pocket epithelium, providing an entry point for the systemic circulation of oral microorganisms, bacterial endotoxins, bacterial antigens, and proinflammatory mediators.[@b44-cia-10-461] Regardless of the underlying mechanism, the consequent systemic host response would explain the association between periodontitis and systemic diseases reported by some studies, although results have not yet proved conclusive.[@b48-cia-10-461] The most widely proposed mechanisms are: 1) inflammatory mechanisms, by which inflammation derived from the host immune response against periodontal pathogens originates molecules that gain access to the circulatory system, producing systemic inflammation with vascular and other repercussions; 2) bacterial mechanisms, by which bacteria or bacterial products directly invade the tissues of the organism; and 3) vascular mechanisms, activated by the presence in the systemic circulation of periodontal pathogens, causing platelet aggregation and atheroma/small thrombus formation.[@b45-cia-10-461]

The biological relationship between diabetes and periodontal disease is well known.[@b49-cia-10-461] Meta-analyses have shown that oral hygiene and periodontal disease severity are worse in diabetics than in nondiabetics, but that there is no difference in the extent of periodontal disease.[@b50-cia-10-461] It was also reported that periodontal therapy with antibiotics reduced blood glucose in patients with type 2 diabetes.[@b51-cia-10-461] Conversely, poor glycemic control contributes to a worse periodontal condition, evidencing the interrelationship between periodontal disease and diabetes.[@b51-cia-10-461]

Since 1989, when Mattila et al[@b52-cia-10-461] published the first evidence of an association between dental infection and advanced coronary atherosclerosis, this relationship has been widely supported by systematic reviews and meta-analyses and accepted by scientific societies.[@b48-cia-10-461],[@b53-cia-10-461] There is consistent and strong epidemiologic evidence that periodontitis increases the risk of future cardiovascular disease, but intervention trials are required to draw further conclusions.[@b48-cia-10-461],[@b53-cia-10-461] Recommendations for older adults to maintain adequate hygiene levels in order to prevent the onset or worsening of periodontal disease cannot be solely based on the association between this disease and ischemic cardiovascular disease.

Finally, the possibility that periodontitis is a risk factor for dementia and/or cognitive impairment has also been investigated, supported by the theories and evidence on the relationship between periodontitis and cardiovascular disease.[@b54-cia-10-461]--[@b56-cia-10-461] The role of local/systemic inflammation of periodontal origin in the pathogenesis of Alzheimer's disease (AD) is not fully understood, but there is considerable scientific evidence of its possible implication in the vascular damage. The systemic presence of inflammation factors derived from local inflammation in moderate--severe periodontal disease (eg, interleukin-1β, interleukin-6, tumor necrosis factor-α, and C-reactive protein, etc) has been implicated in brain inflammation and subsequent neurodegeneration in AD patients.[@b57-cia-10-461] An association has also been found between some serum antibodies against common periodontal organisms and cognitive impairment,[@b54-cia-10-461],[@b58-cia-10-461] and at least one interventional study reported an improvement in endothelial function after periodontal treatment.[@b59-cia-10-461] Although there is no definitive proof of a causal relationship between periodontal disease and AD or dementia, optimal periodontal health should be maintained in the elderly, not only due to the possible involvement in dementia, but also to maintain sufficient teeth for adequate nutrition and comfort. This problem is especially important in terminal stages of neurodegenerative disease, when the collaboration of patients is minimal and dental treatment requires deep sedation or general anesthesia.

Impact of oral health on mastication and nutrition
==================================================

Two key public health objectives for the elderly are known as "healthy active aging" and "compression of morbidity", designed to delay physical deterioration as long as possible. Among the multiple approaches required to pursue this aim, the achievement of optimal nutritional intake is an important element and fundamental for the preservation of general health.[@b60-cia-10-461] The physical, physiological, psychosocial, and emotional characteristics of the elderly identify them as a population group at high risk of poor nutrition. Their diets are frequently monotonous, with a low energy and nutrient content and deficiencies in calcium, zinc, magnesium, iron, vitamin D, vitamin B6, vitamin B12, vitamin E, thiamin, retinol, carotenes, and folic acid.[@b61-cia-10-461] Disorders in the sensory perception of foods and changes in the hormones and neurotransmitters involved in satiety can contribute to the so-called "anorexia of aging".[@b62-cia-10-461] Physical factors influencing the nutritional state of the elderly include sensory alterations, reduced thirst, general deterioration of physiological functions, body composition changes, chronic diseases (including depressive states, strongly associated with malnutrition), polymedication, constipation, disability, or reduced physical activity.[@b63-cia-10-461] Poor oral health status is one of the most frequent causes of malnutrition due to its effect on mastication and swallowing, which can lead to severe deficiencies in energy and nutrient intake.[@b64-cia-10-461]

As reported earlier, there is abundant scientific evidence to support the involvement of oral health in general health. Some authors have described the role of oral health in nutrition and, indirectly, in the control of different acute and chronic diseases.[@b65-cia-10-461] From a theoretical viewpoint, given that oral health is a modifiable risk factor, its improvement would reduce the risk of mastication and swallowing problems and the nutritional deficiencies they can cause. Deficient mastication is related to tooth loss, a lack of saliva, mastication force, and malocclusion problems.[@b65-cia-10-461] Some local studies have indicated that individuals with mastication problems avoid fresh fruits and vegetables, "well-done" meat, and even bread,[@b66-cia-10-461] preferring soft, easily chewable food that can often raise sugar and fat consumption to levels above recommendations, increasing their risk of cardiovascular diseases and metabolic syndrome.[@b67-cia-10-461]

Two major epidemiological studies on nutrition and general health in over-65-year-olds in the United Kingdom (UK National Diet and Nutrition Survey \[NDNS\])[@b65-cia-10-461] and the US (US National Health and Nutritional Examination Surveys \[NHANES\])[@b68-cia-10-461],[@b69-cia-10-461] demonstrated an inverse relationship between poor dental state and adequate dietary intake, with edentulism being a clear risk factor. They reported that the fact of being toothless, with or without prosthesis, limited the consumption of fruits and vegetables in the general adult population and in less favored social strata due to mastication problems. A decreased intake of proteins and most micronutrients, as well as an increased carbohydrate intake, were observed in individuals with fewer than 21 teeth.[@b69-cia-10-461] However, malnutrition risk is influenced by multiple factors besides dental status, including the general state of health, degree of dependence, socioeconomic status, and diet.[@b70-cia-10-461] Most published studies have failed to demonstrate that prosthetic rehabilitation alone improves the nutritional status of the elderly or modifies their dietary habits,[@b70-cia-10-461],[@b71-cia-10-461] although positive results were reported in some types of patients with certain types of prostheses.[@b72-cia-10-461] Other authors have promoted the combination of prosthetic treatment with dietary counseling.[@b73-cia-10-461] Further research is warranted on this issue.

A deficient food intake does not always produce a nutritional deficit. It has been reported that food mastication difficulties have a greater impact on the individual's quality of life than on his or her nutrition status.[@b74-cia-10-461] A study by our group[@b75-cia-10-461] in an institutionalized elderly population found a strong association between oral quality of life and malnutrition risk, as measured with the Mini Nutritional Assessment. However, extrapolation of the results in the institutionalized elderly to the general elderly population is limited. The diet is usually determined by the institutions, which generally offer a well-balanced food intake and the blending of foods whose mastication is problematic. Malnutrition risk is greater in the noninstitutionalized elderly, especially those who live alone and require domiciliary care.[@b76-cia-10-461]

Malnutrition in the elderly has also been associated with swallowing problems, mainly due to poor mastication, a lack of saliva and, occasionally, organic causes.[@b77-cia-10-461] The main recommendation is to modify the consistency of the diet, eliminating certain foods and reducing the possibility of nutritional deficit.[@b78-cia-10-461] However, the widespread practice of mashing/blending food can reduce its appeal, taste, and even its calorie, protein, and liquid content.[@b79-cia-10-461],[@b80-cia-10-461]

Conclusion
==========

In summary, the oral health status of the geriatric population is generally deficient, with an elevated prevalence of caries, periodontal disease, and tooth loss. These are responsible for mastication difficulties, chronic disease destabilization, and impairment of oral quality of life, with direct effects on the individual's general quality of life and well-being. Surveillance and improvement of the oral health of the elderly should be a key objective of the multidisciplinary team responsible for their care, including dentists, dental hygienists, geriatricians, and caregivers.
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